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Abstract 

We study the interaction of vector mesons with the octet of stable baryons in 
the framework of the local hidden gauge formalism using a coupled channels unitary 
approach. We examine the scattering amplitudes and their poles, which can be 
associated to known J p = l/2~,3/2~ baryon resonances, in some cases, or give 
predictions in other ones. The formalism employed produces doublets of degenerate 
J p = l/2~, 3/2~ states, a pattern which is observed experimentally in several cases. 
The findings of this work should also be useful to guide present experimental programs 
searching for new resonances, in particular in the strange sector where the current 
information is very poor. 

1 Introduction 



The use of chiral Lagrangians in combination with unitary techniques in coupled channels 
of mesons and baryons has been a very fruitful scheme to study the nature of many hadron 
resonances. The analysis of meson baryon scattering amplitudes shows poles in the second 
Riemann sheet which are identified with existing baryon resonances. In this way the 
interaction of the octet of pseudoscalar mesons with the octet of stable baryons has lead to 
J p = l/2~ resonances which fit quite well the spectrum of the known low lying resonances 
with these quantum numbers [1-9]. Similarly, the interaction of the octet of pseudoscalar 
mesons with the decuplet of baryons also leads to many resonances that can be identified 
with existing ones of J p = 3/2~ [13,14]. Sometimes a new resonance is predicted, as in 
the case of the A(1405), where all the chiral approaches find two poles close by, rather 
than one, a fact that finds experimental support in the analyses of Refs. [11,12]. The 
nature of the resonances is admittedly more complex than just a molecule of pseudoscalar 
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and baryon, but the success of this picture in reproducing many experimental data on 
decay and production of the resonances provides support to claim very large components 
of this character for the resonance wave function. In some cases one can even reach the 
limits of the model and find observables that call for extra components, even if small, but 
essential to explain some data. This can be seen for instance in the radiative decay of 
the A(1520) [10], or in the helicity form factors of the A/"* (1535) [15]. Another promising 
approach is the one followed in [16], based on the naturalness of the subtraction constants 
in the dispersion relations that hint in some cases at the existence of non meson baryon 
components, particularly in the case of the A/"* (1535). Another step forward in this direction 
has been the interpretation of low lying J p = l/2 + as molecular states of two pseudoscalar 
mesons and one baryon [17-21]. 

Much work has been done using pseudoscalar mesons as building blocks, but the con- 
sideration of vectors instead of pseudoscalars is only beginning to be exploited. In the 
baryon sector the interaction of the p A has been recently addressed in [22], where three 
degenerate N* states around 1800 MeV and three degenerate A states around 1900 MeV, 
with J p = 1/2 - , 3/2~, 5/2 _ , are found. This work has been recently extended to the SU(3) 
space of vectors and baryons of the decuplet in [23]. The underlying theory for this study 
is the hidden gauge formalism [24-26], which deals with the interaction of vector mesons 
and pseudoscalars in a way respecting chiral dynamics, providing the interaction of pseu- 
doscalars among themselves, with vector mesons, and vector mesons among themselves. It 
also offers a perspective on the chiral Lagrangians as limiting cases at low energies of vector 
exchange diagrams occurring in the theory. In a more recent work, looking for poles in the 
tcN scattering amplitudes, the pN channel is also included [27] and a resonance around 
1700 MeV is dynamically generated, having the strongest coupling to this later channel. 

In the meson sector, the interaction of pp within this formalism has been addressed 
in [28], where it has been shown to lead to the dynamical generation of the / 2 (1270) and 
/o(1370) meson resonances, with a branching ratio for the sensitive 77 decay channel in 
good agreement with experiment [29]. This work has been extended to the interaction 
of the SU(3) vector mesons in [30], where several known resonances are also dynamically 
generated. 

In the present work we study the interaction of the octet of vector mesons with the octet 
of stable baryons, using the unitary approach in coupled channels. We shall see that the 
scattering amplitudes lead to poles in the complex plane which can be associated to some 
well known resonances. Under the approximation of neglecting the three momentum of 
the particles versus their mass, we obtain degenerate states of J p = 1/2", 3/2", a pattern 
which seems to be followed qualitatively by the experimental spectrum, although in some 
cases the spin partners have not been identified. A different approach to account for the 
vector-baryon interaction is the one followed in [31] where pseudoscalar mesons, vector 
mesons and baryons mix, advocating SU(6) symmetry for the interaction. The approach 
leads to the same pseudoscalar-baryon interaction than the hidden gauge approach, but to 
different results when it comes to the interaction of the vector mesons with baryons. In 
particular, the spin degeneracy predicted by the hidden gauge approach does not show up 
in the matrix elements of the potential in the SU(6) scheme. 
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2 Formalism for VV interaction 



We follow the formalism of the hidden gauge interaction for vector mesons of [24-26] (see 
also [32] for a practical set of Feynman rules). The Lagrangian involving the interaction 
of vector mesons amongst themselves is given by 



Cm = -^Vn , (1) 
where the symbol () stands for the trace in the SU(3) space and V^ v is given by 



where g is 



V^v = dpV v - d v Vf, - ig[Vn, V v 

My 
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(2) 



(3) 



with / = 93 MeV the pion decay constant. With the value of g of eq. ([3]) one fulfills the 
KSFR rule [33] which is tied to vector meson dominance [34]. The magnitude is the 
SU(3) matrix of the vectors of the octet of the p 



V„ 



V K*- 



K *+ \ 



K*° 6 



(4) 



The lagrangian Cm gives rise to a contact term coming from [V^, V^][V^, V v ] 

4// = ^(W r - vwv) , 

as well as to a three vector vertex from 

CfP =iffW-WT) . 
It is convenient to rewrite the Lagrangian of eq. (jSJ) as 

4z? = ig^d^v* - d v V^V v ) 

= ig(y li d v v l y v -dwv v ) 

= i9{(V»d v V»-d v VtV tt )V u ) . 



(5) 



(6) 



(7) 



In this case one finds an analogy to the coupling of vectors to pseudoscalars given in the 
same theory by 

C V pp = -ig([P,d v P]V) , (8) 
where P is the SU(3) matrix of the pseudoscalar fields. 
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In a similar way, one obtains the Lagrangian for the coupling of vector mesons to the 
baryon octet given by [35, 36] 

(9) 



Cbbv = 9 {{B lfl [V^ B}) + {B llx B){V») 
where B is now the SU(3) matrix of the baryon octet 



B 



V 



.J_yo i J_a 

^0 



p 

n 



(10) 



With these ingredients we can construct the Feynman diagrams that lead to the PB — > 
PB and VB — > VB interaction, by exchanging a vector meson between the pseudoscalar 
or the vector meson and the baryon, as depicted in Fig. [TJ 




Figure 1: Diagrams contributing to the pseudoscalar-baryon (a) or vector- baryon (b) 
interaction via the exchange of a vector meson. 

From the diagram of Fig. QJa), and under the low energy approximation of neglect- 
ing q 2 j My in the propagator of the exchanged vector, where q is the momentum trans- 
fer, one obtains the same amplitudes as obtained from the ordinary chiral Lagrangian for 
pseudoscalar-baryon octet interaction [37,38], namely the Weinberg- Tomozawa terms. One 
could anticipate some analogy between the vector-baryon amplitudes with the pseudoscalar- 
baryon ones, given the similarity of the Lagrangians in the way we have written them in 
Eqs. ([7]) and ([8]). However, one also anticipates differences. Indeed, in the case of the 
pseudoscalar, Fig. QJa), there is only one vector meson in the PPV coupling and this 
must necessarily be the one that is exchanged in the diagram. However, in the vector 
case, Fig. [0(b), the VVV vertex involves three vector mesons and any of them can corre- 
spond in principle to the exchanged vector in the diagram. Nevertheless, one can proceed 
consequently with neglecting q 2 /M v as implicit in the chiral Lagrangians [37,38], by also 

1 Correcting a misprint in [35] 
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neglecting the three momentum of the external vectors versus the vector mass. In this 
case, the polarization vectors of the external vector mesons have only spatial components, 
since the zeroth component is either zero for the transverse polarizations, or negligible for 
the longitudinal one, (k/u>(k)). Then, by examining the Lagrangian of Eq. (J7J) one realizes 
that the field V u cannot correspond to an external vector meson. Indeed, if this were 
the case, the v index would be spatial and then the partial derivative d v would lead to a 
three momentum of the vector mesons which are neglected in the approach. We can then 
conclude that the field V u corresponds to the exchanged vector and the analogy with the 
pseudoscalar and vector interaction is then evident. Indeed, they are formally identical, 
by substituting the octet of pseudoscalar fields by the octet of the vector fields, with the 
additional factor ee' in the case of the interaction of the vector mesons. Note that e^ 
becomes — ee' and the signs of the Lagrangians also agree. 

A small amendment is in order in the case of vector mesons, which is due to the mixing 
of uj 8 and the singlet of SU(3), UJ\, to give the physical states of the u and the <f> mesons: 

L) = 

V 3 - V3 " 
i fn 

(11) 

Given the structure of Eq. (11 ip . the singlet state which is accounted for by the V matrix, 
diag(u>i,u>i,u>i)/y/3, does not provide any contribution to Eq. (GO), in which case all one 
must do is to take the matrix elements known for the PB interaction and, wherever P 
corresponds to the i] 8 , the amplitude should be multiplied by the factor to get the 

corresponding u contribution, and by — y2/3 to get the corresponding (ft contribution. 
Upon the approximation consistent with neglecting the three momentum versus the mass 
of the particles (in this case the baryon), we can just take the 7 component of Eq. (jUJ) 
and then the transition potential corresponding to the diagram of [D(b) is given by 

Vij = ~C i3 ^ 2 (k° + k'°) ee" (12) 

where k , k are the energies of the incoming and outgoing vector meson. 

The Cij coefficients of eq. (fl2|) can be obtained directly from [4,39,40] with the simple 
rules given above for the uo and the <fi mesons, and substituting tt by p and K by K* in 
the matrix elements. The coefficients are obtained both in the physical basis of states or 
in the isospin basis. Here we will directly study the interaction in isospin basis and in 
the appendix we collect the tables of the coefficients for different states of isospin, /, 
and strangeness, S. The tables immediately show the sectors where there is attraction 
and therefore give chances to find bound states or resonances. We can see that the cases 
with (J, S) = (3/2, 0), (2, —1) and (3/2, —2), the last two corresponding to exotic channels, 
are repulsive and do not produce poles in the scattering matrices. However, the sectors 
(/, S) = (1/2, 0), (0, —1), (1, —1) and (1/2, —2) are attractive and we expect to find bound 
states and resonances in these cases. 
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The next step to construct the scattering matrix implies solving the coupled channels 
Bethe Salpeter equation in the on shell factorization approach of [4, 5] 



T=[1-VG]- 1 V (13) 

with G being the loop function of a vector meson and a baryon which we calculate in 
dimensional regularization using the formula of [5] 



Gi 




d 4 q 



(2tt) 4 (P - q) 2 - Mf + ieq 2 - mf + ie 
, . , Mf mf — Mf + s , mf 



ln(s - (Mf - mf) + 2q iy /s) + ln(s + (Mf - mf) + 2g iV ^) 
_ i n (_ s + ( M f - mf) + 2q lv T s ) _ l n (_ s _ ( M f - mf) + 2q^)] |(1,4) 

with /i a regularization scale, which we take to be 630 MeV, and with a natural value of 
the subtraction constant ai(fi) of —2, as determined in [5]. 

The iteration of diagrams implicit in the Bethe Salpeter equation in the case of the 
vector mesons has a subtlety with respect to the case of the pseudoscalars. The ee' term 
of the interaction forces the intermediate vector mesons in the loops to propagate with the 
spatial components in the loops. We need to sum over the polarizations of the internal 
vector mesons which, because they are tied to the external ones through the ee' factor, 
provides 

E e ^i = % + T§- ( 15 ) 

pol M V 

As shown in [42], the on shell factorization leads to a correction coefficient in the G function 
of q 2 /3My versus unity, which is negligibly small, and which we also neglect here in 
consonance with the approximations done. In this case the factor ee' , appearing in the 
potential V, factorizes also in the T matrix for the external vector mesons. 



3 Convolution due to the p and K* mass distributions 

The formalism described above would provide results obtained using fixed masses for the 
vector mesons and no width. The mass distributions of the p and K* mesons are sufficiently 
extended to advise a more accurate calculation that takes this large width into account. 
We follow the traditional method of convoluting the G function with the mass distributions 
of the p or K* mesons, as is customarily made [41]. One can prove that this convolution 
is equivalent to calculating the loop function with the dressed vector meson propagator 
written in terms of its Lehmann representation, as is done in calculations of medium effects 
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in the scattering matrices [43]. The method amounts to replacing the G function by G 
obtained as 

1 r (m+2Ti) 2 f 1 \ 1 

G(s) = — dm 2 Im— — — -— G(s,m 2 ,M 2 ), (16) 

w N J(m-2Vi) 2 V ii J m 2 -m 2 + imT(m) ' 

with 

/ .(m p +2r i ) 2 / 1 \ 1 

N= I _ dm* -- )lm^— ^— -— (17) 



/(m. p -2r l ) 2 V W m 2 — m 2 + imr(m) 

being the normalization factor, and the decay width of the meson (i = p,K*), which 
we take to be 149.4 MeV and 50.5 MeV for the p and K* meson, respectively. The energy 
dependent width T(m) for the p meson, obtained from its decay into two pions in p-wave, 
is given by 

m 2 ( m 2 - dm 2 \ 3/2 
r(m) = r p ^| ( m 2 p| 9( m -2m„). (18) 

A similar expression gives the energy dependent width of the K* meson from its decay into 
a K meson and a pion. 

We will see that, using fixed masses for the vector mesons, one finds bound states in 
the pN and K*N amplitudes, i.e. states having zero width. However, when G is used in 
Eq. ( 1T31) and, therefore, both the p and K* vector mesons are taken with their corresponding 
mass distribution, there is phase space for the decay of each of these bound states into 
some of the mass components of the vector meson and the nucleon, thereby acquiring an 
appreciable width. 



4 Search for poles 

We search for poles in the scattering matrices in the second Riemann sheet, as defined 
in previous works [42], basically changing qi by to — q~i in the analytical formula of the G 
function, Eq. f|T41) . for channels where Re(A/i) is above the threshold of the corresponding 
channel. When one has a mass distribution of the p and K* mesons, and hence a fuzzy 
description of the threshold for some channels, one could take different prescriptions for 
going to the optimal Riemann sheet that better reflects the behavior of the amplitude in 
the real axis, which is where the physical information is contained. The results are very 
similar in all cases, expect when one has a resonance very close to threshold, where the 
convolution can distort the shape of the amplitude and make even the pole disappear. In 
view of that, for these cases the couplings are obtained from the amplitudes in the real 
axis as follows. Assuming these amplitudes to behave as 

9i9j 

^7s-M R + iT/2 

where Mr is the position of the maximum of | \ , with i being the channel to which the 
resonance couples more strongly, and T its width at half-maximum, one then finds 

\9i\ 2 =l^- (20) 



Tij = J, r, ■ 7* To > (19) 
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Up to a global phase, this expression allows one to determine the value of gi, which we 
take to be real. The other couplings are then derived from 



T ii (Js = M R ) , s 

»=* Wnnzj - (21) 

This procedure to obtain the couplings from |T| 2 in the real axis was used in [29] where 
it was found that changes in the input parameters that lead to moderate changes in the 
position and the width of the states affected the couplings more smoothly. Having this in 
mind, we also calculate, as a check, the couplings in the case of the particles without width 
from the residues of the amplitudes in the first Riemann sheet of the complex plane. The 
couplings obtained in this way are very similar to those obtained by means of Eqs. f[2"Uj) 
and (12TI) employing amplitudes in the real axis obtained with the convolution method. 
The differences between the couplings obtained with the two methods are of the order of 
10-20 %. 



5 Results 

In this section we show our results obtained in the attractive sectors mentioned above. 

In Fig. [2] we show the results of \Ta\ 2 as a function of y/s for the different channels in 
the (/, S) = (1/2, 0) sector. We can see a neat bump for pN — > pN around 1700 MeV, a 
few MeV below the pN threshold. The width of the peak is due to the convolution of the p 
mass. For a p of fixed mass and no width one obtains a bound state with a small binding. 
The bump around 1700 MeV is also seen in the K*A channel but is absent or barely visible 
in the uN, cf)N and K*Y> channels. On the other hand, with the same strangeness and 
isospin, one finds a second peak around 1970 MeV, which is clearly visible in the K*A, 
uN, <pN and K*H channels but not visible in the pN one. This special behavior has to do 
with the coupling of the resonances to the different channels which will be studied below. 

In Fig. [3] we show \Tu\ 2 for two cases, (/, S) = (0, —1) and (1, —1). For / = we see 
again a clear peak behavior of \Ta\ 2 around 1800 MeV in the K*N channel. The structure 
is also seen in all the other channels, except in the K*E one. In the pE channel one can see 
another structure around 1920 MeV, below the pE threshold, which could be associated to 
a bound state of this system. Finally in the K*E channel one finds another clear structure 
corresponding to a resonance around 2140 MeV, practically invisible in the other channels, 
which could qualify K*S bound state. 

The (/, S) = (1, —1) case shows a clear peak around 1830 MeV in the K*N channel. 
This structure is also seen in other channels, but it could be the cusp due to the opening 
of the K*N channel. We will come back to this when we make a search for the poles of 
the T matrix. In the pE channel, and also visible in the K*S channel, we see another less 
pronounced structure around 1990 MeV. 

In Fig. H]we display the sector (J, S) = (1/2, —2). In this case we find a clear structure 
of resonant type around 2030 MeV which is visible in the pS and K*A channels. Another 
clear peak appears around 2080 MeV, shortly below the K*H threshold, which is more 
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Figure 2: |T| 2 for different channels for / = 1/2 and strangeness 5 = 0. Channel thresholds 
are indicated by vertical dotted lines. 
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Figure 3: |T| 2 for different channels for I = 0, 1 and strangeness S — —1. Channel 
thresholds are indicated by vertical dotted lines. 
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Figure 4: |T| 2 for different channels for I = 1/2 and strangeness S = —2. Channel 
thresholds are indicated by vertical dotted lines. 
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pronounced in the K*Y> channel and appears as an interference minimum in the K*A 
channel. 

Since the spin dependence only comes from the ee' factor and there is no dependence 
on the spin of the baryons, the interaction for vector-baryon states with l/2~ and 3/2~ 
is the same and then one should associate each peak with the existence of two degenerate 
states. The spin degeneration also appears in some quarks models [44]. 

The couplings of the resonances to the different channels, obtained from the residues 
at the poles are shown in Tables [I] to HI 



Zr 


1696W 


1977 + i53 




9i 


1 9i 1 


9i 


1 9% 1 


piv(mo) 


3.2 + i0 


3.2 


-0.3 -i0.5 


0.6 


wiV(1721) 


0.1 + i0 


0.1 


-1.1 — 10.4 


1.2 


0iV(1958) 


-0.2 + i0 


0.2 


1.5 + 10.6 


1.7 


AT*A(2010) 


2.3 + i0 


2.3 


2.2 - i0.9 


2.3 


K*S(2087) 


-0.6 + i0 


0.6 


3.9 + i0.2 


3.9 



Table 1: Pole position and coupling constants to various channels of the resonances found 
in the / = 1/2, S — sector. M The properties of this state have been determined from 
the amplitudes in the real explained in the text. 
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i0.3 


0.5 
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0.1 + i0.003 


0.1 


0.3 + 10.1 


0.3 


3.2 




iO.l 


3.2 



Table 2: Pole position and coupling constants to various channels of the resonances found 
in the I = 0, S = —1 sector. 
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1830 + i40<*> 




1987 + i24()M 
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9i 1 
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1 9i 1 
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2.1 + iO 
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pA(1887) 


—1.6 + i0.2 
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0.9 


pS(1964) 


— 1.6 + i0.07 


1.6 


2.6 ^ 


-iO 


2.6 
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-0.9 + iO.l 
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—0.2 + i0.5 


0.5 
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Table 3: Pole position and coupling constants to various channels of the resonances found 
in the / = 1, S = — 1 sector. W The properties of this state have been determined from 
the amplitudes in the real axis, as explained in the text. 



Zr 


2039 + i67 


2082 + i31 
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1 9i 1 
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-0.7 - i0.5 
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0.4 + i0.3 


0.5 
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0.6 - i0.08 
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l.l + i0.3 


1.2 
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-0.8 + iO.l 
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Table 4: Pole position and coupling constants to various channels of the resonances found 
in the I — 1/2, S = —2 sector. 

6 Comparison to data 

In table [5] we show a summary of the results obtained and the tentative association to 
known states [45]. 

For the (I, S) = (1/2, 0) N* states there is the iV*(1700) with J p = 3/2", which could 
correspond to the state we find with the same quantum numbers around the same energy. 
We also find in the PDG the iV*(1650), which could be the near degenerate spin parter of 
the iV*(1700) that we predict in the theory. The difference of 50 MeV, is also the typical 
difference found in the A(1900)(l/2-), A(1930)(5/2-), A(1940)(3/2-) states which are 
predicted as degenerate in the study of the interaction of vector mesons with the baryons 
of the decuplet in [22,23]. It is interesting to recall that in the study of Ref. [27], done 
within the framework of the Juelich model [46], a pole is found around 1700 MeV, with 
the largest coupling to pN states. The coupling found there is such that the strongest 
strength corresponds, by far, to the L = 0, J p = 3/2~ channel [47], which corresponds 
to the channel obtained in our approach. However, the pole in Ref. [27] moves away from 
this position when the iV*(1520) resonance is introduced as a genuine resonance in their 
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42 
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1/2" 
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1987 
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3/2" 
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1/2- 


-k 


w 2000 


100-450 


1/2,-2 


2039 + i67 
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64 
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? ? 


•k ~k ~k 


1950 ± 15 


60 ±20 




2083 + 131 


2077 


29 


S(2120) 


? ? 


•k 


w 2120 


25 



Table 5: The properties of the 9 dynamically generated resonances and their possible PDG 
counterparts. 



model, due to the mechanism of pole repulsion discussed in Ref. [48]. 

Around 2000 MeV, where we find another A^* resonance, there are the states A r *(2080) 
and A^*(2090), with J p = 3/2" and J p = 1/2" respectively, showing a good approximate 
spin degeneracy. 

For the case (J, S) = (0,-1) there is in the PDG one state, the A(1800) with J p = 
1/2", remarkably close to the energy were we find a A state. The spin parter with J p = 
3/2" is either absent in the PDG, or corresponds to the A(1690), although this implies a 
large breaking of the expected degeneracy. The state obtained around 1900 MeV could 
correspond to the A(2000) cataloged in the PDG with unknown spin and parity. On 
the other hand, one does not find in the PDG a resonance to associate with the A state 
predicted around 2150 MeV. 

The case of the £ states having (I,S) = (1,-1) is rather interesting. The sate that 
we find around 1830 MeV, could be associated to the £(1750) with J p = l/2~. More 
interesting seems to be the case of the state obtained around 1990 MeV that could be 
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related to two PDG candidates, again nearly degenerate, the £(1940) and the £(2000), 
with spin and parity J p = 3/2~ and J p = l/2~ respectively. 

Finally, for the case of the cascade resonances, (/, S) = (1/2, —2), we find two states, 
one around 2040 MeV and the other one around 2080 MeV. There are two cascade states 
in the PDG around this energy region with spin parity unknown, the S(1950) and the 
S(2120). The relatively small widths obtained in each case and the agreement with the 
experimental ones would be an extra feature to support the association of our states to 
these resonances. Although the experimental knowledge of this sector is relatively poor, a 
program is presently running at Jefferson Lab to improve on this situation [49]. 

The agreement found in general is encouraging. One should stress that the measure- 
ments of the masses and widths in this energy region are not easy, as one can guess from 
the dispersion of the data obtained in different experiments. The fact that some of the 
states predicted (essentially the spin partners) are not found in the PDG, should not be 
seen as a negative result of the theory, but as a motivation for the search of new resonances. 
The theory tells us the origin of these states, as coming from the vector baryon interaction. 
This gives us a new information and, although the larger part of the width may come from 
pseudoscalar baryon decay, it is in the vector baryon channels that experimental efforts 
should be made to eventually find these states and confirm their vector-baryon nature. 
The devoted search of S resonances at Jefferson Lab [49,50] should be most welcome in 
this context. 

7 Conclusions 

We have studied the interaction of mesons in the vector octet of the p with baryons of the 
octet of the proton within the hidden gauge formalism of vector mesons, using a unitary 
framework in coupled channels. 

We observe a rich structure in the vector-baryon scattering amplitudes which is asso- 
ciated to the presence of poles in the complex plane. This structure is clearly visible in 
the real axis as neat peaks of |T| 2 in different channels. We could associate many of the 
states predicted by the theory to known states in the PDG, thus providing a very different 
explanation for the nature of these states than the one given by quark models as simple 3q 
states. One of the particular predictions of the theory is that, within the approximations 
done, one obtains degenerate pairs of particles in J p = l/2~,3/2~. This behavior seems 
well reproduced by many of the existing data, but in some cases the spin partners do not 
show up in the PDG. The reasonable results produced by the hidden gauge approach in 
this well as in other cases [22,23] should give a stimulus to search experimentally 

for the missing spin partners of the already observed states, as well as possible new ones. 
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A Coefficients of the s-wave tree level amplitudes 

This Appendix gives the coefficients Cf- of the s-wave tree level vector-baryon amplitudes 
of Eq. (IT2l for the various IS sectors studied in this work. 



Table 6: Coefficients C\f for the sector I = 1/2, S = 0. 
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Table 7: Coefficients C? s for the sector I = 3/2, 5 = 0. 
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Table 8: Coefficients Cj? for the sector I = 0, S = -1. 
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Table 9: Coefficients C-f for the sector I — 1, 5 = —1. 
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Table 10: Coefficients Cjf for the sector I = 2, S = — 1. 





pE 


pE 


-2 



Table 11: Coefficients C/ 5 for the sector 7 = 1/2, 5 
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Table 12: Coefficients C(f for the sector I = 3/2, S = -2. 
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pE 




-1 


-1 


pE 




-1 



Table 13: Coefficients C- for the sector / = 0, S = — 3. 
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Table 14: Coefficients C- for the sector 1 = 1,5 = —3. 
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